In this article we consider boundary value problems for some linear and nonlinear differential equations with partial derivatives of the sixth, fifth, fourth and third orders. We write out conditions on equation coefficients for which existence and uniqueness of solutions from Sobolev's space occur. If these conditions on equation coefficients are not valid, then there are given examples when solution is not unique, or is not unstable, or does not belong to Sobolev's space from existence and uniqueness theorem even for analytical coefficients and analytical right side of differential equation. After S.P. Novikov's fundamental study in 1974 the interest to the nonlinear Korteweg-de Vries equation, Kadomtsev-Petviashvili equation and other nonlinear equations significantly grew. In this study of such equations we used methods of algebraic geometry integration and expansion method. In these studies exact solutions of special nonlinear equations series in partial derivatives play a big role. Solvability of similar equations was also studied in articles of A.I. Kozhanov, N.A. Larkin and other authors. The aim of this article is to find some exact solutions for special series partial differential equations. Solution graphs of such problems for linear equations and for the Kortewegde Vries, Burgers-Korteweg-deVries, and Kadomtsev-Petviashvili equations are constructed.
INTRODUCTION
Equations of higher order were studied in papers of V.N. Vragov [1] , G.V. Devidenko, S.V. Uspensky [2] , E.I. Egorov, S.G. Pyatkov, S.G. Popov [3] , and A.V. Chueshev [5] . Formulations of boundary problems for the fourth-order equations were studied in the paper of A.I. Kozhanov [4] . 
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The aim of this article is to prove the existence and uniqueness theorem of weak solution, construct exact solutions and explicit examples of ill-posed problems for the Eq. (1). Such equations can be used to regularize mixed type equations of second order as it was suggested in [1] . Also, the Korteweg-de Vries linearized equation refers to (1) . A review of studies on this subject in the modern theory of partial differential equations is given in this article.
Calculation of exact and numerical solutions, a progressing wave in particular, and linear equations solutions plays a big role in the soliton theory.
Equations of mathematical models of physical phenomena that occur in engineering industry, chemistry, biology, mechanics and physics are usually described by nonlinear equations. Thus, it is very important to find exact solutions of nonlinear partial differential equation which can help to understand mechanisms of these physical models.
Third-order differential equation (1)
with respect to t Problem 1. Let us consider the following equation in D 
with boundary conditions (3) and (4) Fig. 1 shows a graph of this solution in the 3-dimensional space. 
with boundary conditions (3) and (4 
An unstable solution for this problem is the function ( , ) . Second order differential equation (1) with respect to t In N.A. Chuesheva's and E.V. Maksimova's article [7] the following equation in
with boundary conditions , 1
0.
Let the space 4,2 ( ) H D be obtained by a closure of the space of functions С 4 ( ) D satisfying boundary conditions (7) with respect to the norm ( ) 
The theorem is proved as in [7] . Problem 7. In 
The solution of problems (8) and (9) 
is a solution of (8) 
) ( , ), ( , ), ( , ), ( , ) a x t b x t c x t d x t
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3) (1) 0; k ≤ 4) let there be real constants 1 2 , , λ δ δ such that
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Then there exists and is single a solution u(x,t) of the boundary problem (12) 
Theorem is proved in [8] .
Note. Let coefficients of the Eq. (11) be, for example, the following functions ( , ) 1;
Constants, for example, are 
Let the following conditions be satisfied for these coefficients in D :
3) let there be real constants 1 2 3 , , , λ δ δ δ such that
2 ( , ) 0,
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Then a solution u(x,t) of the boundary problem (13) for the Eq. (11) from the space 4,1 ( ) H D exists and is unique.
Note. For example, let coefficients of the Eq. (11) be the following functions ( , ) 1;
Note, that (14) 
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with conditions on the boundary of ( ) (Fig. 7) .
Fig. 7
Problem 15. In [11] the Cauchy problem and local correctness for the Degasperis-Procesi equation with the following variance term are studied 
. 
